Today, various types of industrial waste are produced in different industries to meet human demands. Growth in quantity as well as complication in quality of these wastes are followed by the advance of technology. Management of such wastes need a proper identification and comprehensive understanding of the risk, emerging after the harmful characteristics of the wastes and negatively affect the human and environment health. Wastes risk ranking systems, in this regard, links between the industrial wastes indices and mathematical method/algorithm, being able at estimation of the risk level as well as comparison between the wastes of an industrial unit based on the risk level. Complexity of the method, high computational costs and lack of proper description of waste using selected indices in former studies has led to the proposal of an applicable and flexible method. In this study, the "TOPSIS Multi-Criteria Decision-Making (MCDM) method" was developed in order for ranking the risk of various industrial wastes. Totally, a number of 9 subsidiary indices on the human health and 11 subsidiary indices on the environment health was identified and employed. Finally, the proposed waste risk ranking system was used for ranking 9 types of identified industrial waste in three industrial section. Results show that the "TOPSIS MCDM", due to the lack of complexities in method and limited computational costs, is an efficient and appropriate method for ranking industrial wastes.
Introduction
Cities of the Asia and Pacific region have accommodated 2.1 billion people, more than half of the world's urban population, while this portion will continue to grow with the growth of regional urbanization within the current century [1] . Until 2050, nearly 65% of the regional population will be urbanized, starting from 47.4% in 2014. Most of this progress will occur in cities containing below 500,000 residents (i.e. secondary cities and towns) in middle-and lowincome countries. Unfortunately, these cities are conventionally provided with the least facilities to face the difficulties cussed by instant urbanization. Urbanization would leave significant tracks on all aspects of life, such as the environmental and human health. Today, human and environmental health issues caused by various types of industrial wastes are resulting from large scale production of wastes, being vast in variety and composition, as well as unfamiliarity with the waste types and complications of waste management [2] . Proper identification of waste directly affects the estimation of their risk, and preparation in order to encounter and prevent the harmful tracks of industrial waste [3, 4] . Physical, chemical, and toxicological properties as well as production volume and use patterns are demanded to identify hazards and estimate the risks resulted from industrial and other groups of wastes [5] .
At present, numerous investigations are proposed on identification of the indices and characteristics of various types of waste, according to which, waste ranking systems are introduced [6] [7] [8] . Taking look at some of the previously proposed studies in this area would suggest useful insights for rating the risk of industrial wastes as well as chemical and hazardous materials. Mitchell, R. R. et al. 2002 , by assigning a score for uncertainty and another for various characteristics such as toxicity, bioaccumulation, etc. determined the relative risk of chemicals. In this system, a simple rating method without using a specified mathematical algorithm is introduced [5] . A combination of qualitatively classification in estimation of industrial chemicals risk is presented in detail in the paper (Hauschild & Brrat, 2005) [9] . Estimation of chemicals risk using qualitative methods is one of the simplest and most applicable choices a researcher might prefer to make use of, together with the numerical methods.
In this regard, Talınlı, et al. 2005 , simultaneously made use of both the qualitative analysis using expressions such as "very hazardous", "hazardous", "typical", etc. and the quantitative rating of the hazardous wastes risk [10] . Rajeshwar, et al. 2004 , presented a procedure based on rating risk, which is used to estimate hazardous waste indices namely flammability, corrosion, reactivity and toxicity during transportation. Some of the utilized indices in this method are the volume of the waste being transported, the distance between discharge center and human population exposed to risk, etc. Indices used in this study are aimed at estimation of the risk associated to waste transportation as well as another management steps of various types of waste such as production, recycling, treatment and final disposal [11] .
Using waste ranking systems based on a certain number of indices, one could estimate for every type of waste, the risk of human and/or environmental health; following that, one could take the demanding plan and measure through the entire steps including waste packaging and labelling, collection and transportation, recycling, treatment and finally disposal. Commonly, a waste risk ranking system consists of two general parts. The first part includes the selection of waste indices and characteristics affecting on the waste risk level, and the second part is the selection of algorithm/method for ranking risk [12] . Some risk ranking systems of various types of waste are almost inapplicable due to complexity and high computational costs. Most of the reason is involving complicated mathematical methods and algorithms, for instance, fuzzy theory [13, 14] , Copeland's scoring method [15] , Hasse diagram [16] and etc. Another reason for inapplicability of some of the ranking systems is lack of detailed and comprehensive selection of waste risk indices. In order to make progress in the limitations of some previous approaches for waste risk ranking, we focused on both uncertainty of indices (waste properties) and the numerical method to recommend an applicable and simple algorithm.
Industrial Waste Risk Ranking (IWRR)
Generally, applying the IWRR method includes three main research steps: (1) Collecting the existing experimental data or choosing an estimation method when the experimental data are not present; (2) regulating criteria, which, singly or together, could be used to determine scores for the identified indices; and (3) proposing an algorithm for combination and weighting the scores into a numerical ranking for each sample of industrial waste. [17] The present study, by analyzing formerly proposed waste ranking systems, is aimed at covering the main and subsidiary indices for calculation of IWRR using a simple, applicable and absolutely identified approach; and consider human and environmental health aspects.
Ab IWRR system is applicable depending on how much it is efficient, free of complexities and containing accessible and measurable indices. An IWRR and scoring method has been developed as a screening tool to provide a relative assessment of hazards to human health and the environment. The present research is aimed at following targets. The first purpose is identification and use of indices describing waste risk so that the indices include both aspects subjected to risk, i.e. human and environmental health. To reduce complexities and high computations of the waste risk ranking systems, which are the main reason of them in applicability, the TOPSIS MCDM method is employed for ranking waste risk. Some of its advantages are the possibility of quantifying and turning calculations to computer language for solving as well as simplicity of its application.
Methodology
In the science of Multi-Criteria Decision-Making, there are several methods in which subsidiary groups containing expenses and profit are considered [18] . One of them is The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), firstly presented by Yoon 1980 and Hwang 1981 [19] . To solve Multi-Criteria Decision-Making problems based on this concept, the chosen alternative should have the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). For example, the positive ideal solution increases profit and reduces expenses, and the negative ideal solution reduces profit and increases expenses. TOPSIS method is a simple and efficient method for ranking a number of possible choices, trying to obtain the optimal solution. Numerous studies employed this method for multi-solution problems in various areas of science [20] [21] [22] [23] . The mathematical algorithm of TOPSIS method consists of the following 7 steps:
Step 1: Establish the decision matrix (DM)
The first step in TOPSIS method involves the construction of a Decision Matrix (DM).
(1)
Where counter i as (i=1,2, …, m) denotes the waste type and m denotes the number of identified industrial waste for ranking. Also counter j as (j=1,2, …, n) denotes the indices of each type of industrial waste describing the waste risk level in the objective index, and n is the total number of indices. Elements L1, L2, …, Ln represent titles and indices and A1, A2, …, An represent the industrial waste.
Step 2: Calculate a normalized decision matrix (NDM)
The normalized values in the NDM are calculated as follows:
Step 3: Determine the weighted DM None of the objective indices among the industrial wastes matter equally. Thus, Shannon entropy is used to determine the relative importance of the objective indices. Finally, weighted DM is easily generated by multiplying every element of the normalized matrix columns into weight values.
(3) Vij =Wij * Nij
Step 4: Identify the Positive Ideal Solution and (PIS) Negative Ideal Solution (NIS)
The positive ideal ( + ) and the negative ideal ( − ) solutions are defined according to the weighted decision matrix via Equations 4 and 5. below:
Where, J and J' are benefit and expenses attributes, respectively.
Step 5: Calculate the separation distance of each alternative (waste) from the ideal and non-ideal solution.
In order to calculate the separation distance of each alternative (waste) from the positive ideal solution ( + ) using Equation 6 . is used as follows:
In order to calculate the separation distance of each alternative (waste) from the negative ideal ( − ) solution using Equation 7 . is used as follows:
Step 6: Measure the relative closeness of each location to the ideal solution.
For each competitive alternative the relative closeness of the potential location with respect to the ideal solution is computed by Equation 8. as follows:
Where Di varies between 0 and 1. As much as this value is close to 1 the rank of the objective alternative diminishes.
Step 7: Rank the preference order of alternatives (wastes)
According to the risk value obtained by each waste in the final level, ranking of the waste risks are accomplished. Based on the results of this method, waste with the maximum value of Di is introduced as a high risk waste and obtain a higher rank, and vice versa.
Shannon Entropy
So far, multiple weighting indices have been proposed by the researchers; such as Shannon entropy [24] , which is very efficient the entropy concept is well suited for measuring the relative contrast intensities of criteria to represent the average intrinsic information transmitted to the decision maker [25] , conveniently it would be a proper option for our purpose. Shannon entropy is, in fact, an estimation of uncertainty in the formulated information in the Probability theory. It is a calculation method of weights through the following steps [26, 27] :
Step1: Normalize the objective indices 
Results and Discussions
The ranking of alternatives is a very challenging task. The IWRR in initial phase needed very high expertise in decision making to select right project from all nine identified wastes. So the hierarchical structure of study has been constructed for the evaluation criteria as shown in Figure 1 .
Figure 1. Hierarchical structure of study
In order to use TOPSIS method for IWRR, and toward achieving the primary purpose of the study, firstly the indices and characteristics affecting the IWRR were identified and presented in Table 1 . The approach used to select the indices were the separation of risk between human health and environment. This leads to the risk value, being investigated separately as well as being accurate.
Human Health Indices
Indices playing role in human health and its affecting routes are divided in three main indices including toxicity effects, physicochemical effects and potential of exposure. Each of the main indices include some subsidiary indices where totally 9 indices are considered for human health. For the physicochemical effects of the waste, corrosion indices, flammability and reactivity indices according to the National Fire Protection Association (NFPA) standards were considered [28] . Toxicity index also was expressed by three subsidiary indices namely instant toxicity, acute toxicity and infectious toxicity. The exposure potential of harmful waste effects consists of two factors: route of effect and duration of effect.
Environmental Indices
Totally 11 indices are considered to estimate the environmental risk of waste. The indices are listed in Table 1 . Boundary limits that have been considered for some of the main indices such as eco toxicity are extremely accurate and according to the tracks left by them in the environment (effects on the terrestrial and aquatic species). For instance, the main indices which ATSDR [29] proposed for estimation of toxicity risk are, firstly, not separated for human and environment, and secondly, not comprehensive. The scope of indices which (Liu J, et al. 2014) considered for estimation of toxicity risk in human health do not cover various causes (food, skin and/or breathing). Also in estimation of the environmental toxicity, their subsidiary indices only cover a small group of terrestrial and aquatic species [30] . As the supplement of Table 1 . as well as calculation of subsidiary aspects of toxicity affecting human and terrestrial and aquatic species, Tables 2 and 3 . are presented respectively. 
Case Study
To evaluate the proposed method in this study, a number of 9 wastes in three industries were identified and the initial results were presented in Table 4 . The identified wastes owned Certificates of Analysis & Material Safety Data Sheets (MSDS), and their production are clear in kg/month in three industries namely detergents, petrochemical and food. In order for rating identified wastes, TOPSIS method was employed and the seven steps were followed using MATLAB R2014a software. The decision matrix of IWRR are presented in Table 5 . The column associated to industrial wastes is represented by (Wi , 1 ≤ i≤ 9) and the row associated to the waste risk indices is represented by (Ii , 1 ≤ i≤ 15) in the decision matrix. The normalized matrix using Equation 2. and its outputs are reported in Table 6 . I15  I14  I13  I12  I11  I10  I9  I8  I7*  I7  I6*  I5*  I4*  I6  I5  I4  I3  I2  I1 In order to calculate the normalized weighted matrix, calculation of the weight of each index in rating the waste risk is required. Shannon entropy as a popular method (described through Equations 9 to 11) is used to estimate the weight of each of 20 indices of industrial wastes and finally three factors ei, di and wi for each index are presented in Table 7 . Among these indices, I3,4* and I12 were evaluated as the maximum and minimum weights among the selected indices.
Table 7. Calculated entropy measure, divergence and objective weights of criteria
Using the results of previous steps and using Equations 3 to 7, positive ideal solution (PIS) and negative ideal solution (NIS) were calculated. The closeness factor of each solution, as the risk value of each of the identified industrial waste in the industrial section, also were calculated using TOPSIS method and the results were presented in Table 8 . According to the results, waste no 3 (Vanadium pentoxide) from the detergents group, and waste no 9 (Regular waste) from the food group were determined as the most and least risky wastes, respectively. Figure 2 . shows another type of ranking identified industrial waste risk. & ranking wastes   DM   I15*  I15  I14  I13  I12  I11  I10  I9  I8  I7*  I7  I6*  I5*  I4*  I6  I5  I4  I3  I2 
Conclusion
Methods of IWRR are formed of two parts: identifying indices, and the calculation method/algorithm. Minding the applicability, complexity, computational costs and extraction of proper indices in order to define the IWRR are important to be considered. In this study, a number of 9 indices over the human health, and 11 indices over the environment risk were identified, extracted and their boundary limits were determined. Separation of indices and risk values by human and environment might give useful information to industry owners of various sections. In the following, the multi-criteria decision-making method (TOPSIS) was developed for IWRR. Conventional MCDM methods focus on a set of possible solutions and consider more than only one criterion to determine rating priority in a system. Among the dual purposes of this research, the main goal is to develop TOPSIS method for rating IWRR among the identified wastes in three industry sections. This was described using a multi-criteria decision-making method under uncertainty situations.
